A very fundamental and unconventional characteristic of superconductivity in ironbased materials is that it occurs in the vicinity of two other instabilities. Apart from a tendency towards magnetic order, these Fe-based systems have a propensity for nematic ordering: a lowering of the rotational symmetry while time-reversal invariance is preserved. Setting the stage for superconductivity, it is heavily debated whether the nematic symmetry breaking is driven by lattice, orbital or spin degrees of freedom.
Even if the existence of nematic order in the different classes of iron-based superconductors is by now a well-established experimental fact, its origin remains controversial [1] [2] [3] [4] [5] [6] [7] . It is related either to a lattice instability that causes a regular structural phase transition, to the formation of time-reversal invariant magnetic order, for instance a Ising spin-nematic [8] [9] [10] state, or to the ordering of orbital degrees of freedom [11] [12] [13] [14] [15] . As the nematic instability is a characteristic feature of the normal state from which at lower temperatures the superconductivity emerges, the different possible microscopic origins of nematicity are directly linked to the properties of the superconducting state [16, 17] . From a symmetry point of view it is clear that when one of these three orderings (lattice/spin/orbital) develops, it must affect the other two -the crucial challenge thus lies in establishing which ordering is primary, and to determine to which extend this primary order affects the two other degrees of freedom. It has been established that the lattice distortion, which at T nem reduces the crystallographic symmetry from tetragonal to orthorhombic, is an unlikely primary order parameter. Not only because the distortion is weak, but also because measurements of the resistance anisotropy have shown that the structural distortion is a conjugate field to a primary order parameter, therefore not the order parameter itself [2] . This basically restricts the driving force for the nematicity to be of electronic origin: either due the electron's spin or its orbital degree of freedom.
FeSe is a very attractive iron-based superconductor to study this issue, as it is a binary system with a rather simple structure, see Fig. 1 , while sharing many common features with other Fe-based superconductors [18] . Our bulk FeSe single-crystals undergo a clear tetragonal to orthorhombic transition at T nem =91 K and at T c = 9.3 K superconductivity sets in, which is consistent with previous reports [5] . In single-layer FeSe films a much higher T c has been reported, 65 K [19] [20] [21] [22] [23] and above [24] , which is even higher than in any other iron-based superconductor. The high quality of our FeSe single crystals is confirmed by their very sharp superconducting transition and large residual resistivity ratio, see Supplementary Materials.
To establish whether spins or orbitals are responsible for its nematic instability we have measured 77 Se NMR spectra as a function of temperature. The Se atoms in FeSe sit above and below at the center of the Fe 4 plaquettes that form an almost square lattice, see Fig. 1b .
For the NMR measurements we used an external field H = 9T applied in a direction either parallel or perpendicular to the crystallographic c-axis, which is normal to the Fe-planes (see Fig. 1a ). In the high-temperature tetragonal phase the spectra are extremely narrow with the full width at half maximum of ∼1 kHz for H a and ∼1.5 kHz for H c, which is characteristic of a highly homogeneous sample, see Fig. 2 . Below T nem we observe that the 77 Se line splits into two lines with equal spectral weight for in-plane fields, H a. Note that in the orthorhombic phase our crystal is fully twinned. The notation "H a" thus means that actually one type of domains in the crystal experience a magnetic field H a and the other type of domain has H b. These two domains occur with equal probability. We shall refer to these lines as l 1 and l 2 with frequency ν 1 and ν 2 , respectively (ν 1 < ν 2 ). In contrast, the 77 Se spectrum for H c consists of a single line l 3 at frequency ν 3 that does not split and remains narrow down to low temperatures. From this one can already conclude that the l 1 -l 2 line splitting must be the consequence of an in-plane symmetry change.
We note that the 77 Se nuclear spin is 1/2 so that the observed splitting cannot be due to a quadrupolar-type coupling to local lattice distortions. This is in contrast to LaFeAsO, in which the quadrupolar splitting of the 75 As line in twinned single crystals for H ⊥ c reflects the presence of orthorhombic domains [7] . On two further grounds it can be excluded that the orthorhombic lattice distortion causes the l 1 -l 2 splitting. First of all, the splitting changes significantly when FeSe enters the superconducting state, see Fig. 3b , where the lattice structure does not change notably [25] . That the splitting is of electronic origin is attested also by a more detailed consideration of the temperature dependence of the resonance frequency ν i (i = 1...3) for each of the three NMR lines. The T -dependence is shown in Fig. 2 in terms of the Knight shift K i = (ν i − ν 0 )/ν 0 of ν i away from an isolated nucleus (ν 0 = γ n H with the nuclear gyromagnetic ratio γ n ). In a paramagnetic state K = A hf χ spin + K chem so that K is directly related to the local spin susceptibility χ spin . Here A hf is the hyperfine coupling constant and K chem the temperature independent chemical shift. It is clear that the splitting between l 3 and the degenerate l 1 , l 2 pair in the tetragonal structure (i.e., for T > T nem ) is caused by the in-plane ( a) -out-of-plane ( c) anisotropy of the hyperfine coupling and the spin susceptibility. This anisotropy is caused by the crystallographic structure being very different in the directions a and c, due to the manifestly layered lattice structure of FeSe. From the data in Fig. 3a it is clear that the l 3 -l 1,2 splitting ν 3 − ν 1,2 above T nem is similar in size to the l 2 -l 1 splitting ∆ν = ν 2 − ν 1 in the low temperature orthorhombic state. It is evident that such a very large splitting ∆ν cannot be caused by the small lattice displacements in the orthorhombic state, involving atoms that move distances less than 0.5 % of the lattice constant [5, 25] . This is exemplified by the average K av a = (K 1 + K 2 )/2 of the two H a and H b lines (for the two different orthorhombic domains) having the same temperature dependence as K c = K 3 in the entire temperature range. This is very different from the behavior of the Knight shift splitting ∆K a = (K 2 − K 1 )/2 ∝ ∆ν between l 2 and l 1 below T nem . From the temperature dependence of ∆K a , shown in Fig. 3b , one sees that it displays the typical √ T nem − T behavior of a Landau-type order parameter close to a second order phase transition.
Having established an order parameter type of behavior of splitting ∆ν and having excluded it is of lattice origin, we consider next the possibility that spin degrees of freedom cause the observed in-plane anisotropy of the Knight shift in the orthorhombic state. We have therefore measured the spin-lattice relaxation rate T
as a function of temperature, see Fig. 3 . The quantity (T 1 T ) −1 is proportional to the q-sum of the imaginary part of the dynamical susceptibility, i.e., ( H can be expanded as:
where M is the magnetic moment. An important quantity is γ, the coupling between the orbital order parameter and magnetization. For localized 3d states it is perturbatively related to the strength of spin-orbit interaction λ and energy difference ∆ d between the x and y, z
). Due to the linear coupling the orbital order parameter is directly proportional to the anisotropy in the magnetic susceptibility: We can now compare the theoretical analysis for an orbital-driven nematic state with our experimental results. Clearly the measured splitting ∆K a shows the √ T nem − T behavior close to the critical temperature, so that we conclude that T nem = T OO . At the same time the measured K av a and K c (see Fig. 3a ) indeed barely show an anomaly in their temperature dependence. In the normal state, between ∼ 50 − 60K and T c the splitting ∆K a decreases. This is due to the two distinct contributions to ∆K a : the temperature dependence of the hyperfine constant A hf xx − A hf yy and of the susceptibility χ xx − χ yy . The former saturates below 50 − 60K, as the nematic order parameter tends to a constant [25] . At the same time the anisotropic part of the transverse susceptibility changes due to non-Fermi liquid effects caused by the enhanced spin fluctuations [28] , leading to the observed decrease in ∆K a in the normal state. The issue that remains open from the NMR data is the precise pattern of orbital ordering that is formed. The NMR data does not fix the directions of x and y with respect to the crystallographic axes. Any rotation of the FOO orbital ordering pattern around the c-axis is therefore possible in principle. However, the orthorhombic lattice distortion induced by the FOO ordering leaves all Fe-Se distances equivalent [6] , which implies that x a and y b, leading to the FOO pattern in Fig. 4 .
The conclusion above, that below T nem the orbital order as shown in Fig. 4 renders the electronic structure along the a and b direction inequivalent, resulting in a clearly different NMR responses for H a and H b, can be tested. When the magnetic field is applied in the ab plane in the diagonal direction, i.e. H [110], the field has equal projections on a and b, see Fig. 4 . Therefore the two domains in our twinned crystal should now yield the same NMR response, implying that for this field orientation the splitting between l 1 and l 2 in the orthorhombic state below T nem should be absent. We performed the experiment with H [110], using a different single-crystalline platelet glued in the required orientation.
As shown in Fig. 2b now a splitting of the line below T nem is indeed clearly absent, which is direct proof that below T nem the rotational (C4) symmetry is broken. We note that our NMR experiments do not provide information on the size of the domains, which might in principle be ordered or disordered at a microscopic scale, which implies the presence of a certain amount of antiferro orbital ordering. The relevance of such secondary orderings might be probed by NMR experiments on detwinned crystals.
Having established that the orbital ordering acts as the primary nematic order parameter, the question arises how the orbital order affects not only the lattice and spin degrees of freedom, but also the superconducting state. The relation to the secondary orthorhombic lattice distortion has been discussed above. From the NMR data also the coupling between the orbital order to the spin degrees of freedom is directly evident. The spin-lattice relaxation rate, measuring the strength of low-energy spin fluctuations, shows that in the vicinity of Lastly, we analyze the interplay of the orbital ordering and superconductivity. Previously scanning-tunneling spectroscopy measurements have found a two-fold breaking of the Cooper-pair symmetry in FeSe, which implies that the superconducting order parameter is directly affected by the nematicity [29] . Here we observe the complementary effect: the splitting ∆K ⊥ (which is proportional to the orbital order parameter) changes significantly below T c , see Supplementary Materials. Thus the nematic order parameter is directly affected by superconductivity. The splitting ∆K a becoming smaller while the Knight shifts K c and K av a barely change, indicates that in our bulk FeSe crystals superconductivity and nematicity compete -superconductivity tends to suppress orbital ordering and vice versa.
It is interesting to note that in the single layers of FeSe for which spectacularly high T c values have been reported [19] [20] [21] [22] [23] [24] a tetragonal-orthorhombic transition is absent, evidencing a much weaker nematic tendency. It will have to be established whether the suppressed nematicity is a cause for the strongly enhanced T c in FeSe single-layers.
Sample preparation and experimental details
Single crystals of FeSe (T c ∼ 9.3 K) were grown using a KCl-AlCl 3 flux techniques as described in detail elsewhere [30] . The mixture of Fe, Se, AlCl 3 and KCl were sealed in evacuated pyrex ampoule. The samples were heated to 450
• C in a horizontal tube furnace, held at this temperature for 40 days. The temperature of the hottest part of the ampoule was 450
• C and the coolest part was 370-380 • C. The obtained product was washed with distilled water to remove flux and other by-products and then the tetragonal-shaped single crystals were mechanically extracted. The typical size of obtained crystal was 1
The temperature dependence of resistivity of FeSe single crystals was measured using conventional four-probe configuration in a 14T physical property measurements system(PPMS) and the magnetic susceptibility was measured in 5T magnetic property measurements system (MPMS).
77 Se (nuclear spin I = 1/2) NMR was carried out in a FeSe single crystal (0.7 × 0.7 × 0.1 mm 3 ) at an external field of 9 T and in the range of temperature 4.2 -140 K. The sample was rotated using a goniometer for the exact alignment along the external field. The 77 Se NMR spectra were acquired by a standard spin-echo technique with a typical π/2 pulse length 2-3 µs. The nuclear spin-lattice relaxation rate T Figure S1b shows the uniform magnetic susceptibility χ as a function of temperature in a FeSe single crystal measured at H = 10 Oe. χ(T ) shows a very sharp superconducting transition at T c ∼ 9.3 K, which is higher than that reported in literature so far [1, 2] .
Figure S1c presents the temperature dependence of resistance R under zero magnetic field.
We find a small kink at ∼ 90 K due to the structural phase transition from tetragonal to orthorhombic phase [1, 3] . The residual resistivity ratio (RRR) of the sample was found to be RRR = R(300 K)/R(11 K) ∼ 30 which is much larger than previous results [1, 4] . R(T ) also shows a sharp superconducting transition with the onset T onset c ∼ 10.5 K. Note that R(T ) becomes zero at T c determined from χ(T ).
Therefore, the very sharp superconducting transition with T c ∼ 9.3 K as well as the very large RRR confirm the high quality of our FeSe single crystals.
B. NMR in the superconducting state
The kine-shifts of l 1 and l 2 in the superconducting state are shown in detail in Figure S2a .
The lines shift symmetrically toward each other as temperature is lowered with a change of ∆ν in the SC state of about 10% at 4.2 K ∼ T c /2. The spin relaxation rate in the SC state is shown in Figure S2a . It is clear that T which is significantly steeper than the T 3 dependence reported in Ref. [5] . 
